###### Strengths and limitations of this study

-   This randomised controlled study will be the first to directly compare the nocturnal anti-hypertensive efficacy of luseogliflozin and dipeptidyl peptidase (DPP)-4 inhibitors in patients with type 2 diabetes, using ambulatory blood pressure monitoring.

-   Since DPP-4 inhibitors are the most frequently used anti-diabetic drugs in Japan, it is important to know whether switching from DPP-4 inhibitors to luseogliflozin will have merit on managing nocturnal hypertension.

-   This study will be conducted in a standard clinical practice setting with broad eligibility criteria, which reflects real world.

-   Participants are not blinded to their treatment although this study is a multicentre, prospective, randomised, blinded endpoint parallel-group trial.

Introduction {#s1}
============

The prevention and management of atherosclerotic diseases, such as cardiovascular disease (CVD) and stroke, is a key issue in the management of patients with type 2 diabetes (T2D).[@R1] It is well known that appropriate control of hypertension in patients with T2D reduces their risk of developing CVD.[@R2] Therefore, monitoring blood pressure (BP) is as important as glycaemic control in this population. It has recently been established that not only clinic BP, but also 24-hour BP, including that during the night and morning, are important risk factors for CVD. In fact, diabetic patients who show nocturnal high BP, called 'non-dipper' and/or 'riser' types, are now proven to be at high risk of cardiovascular mortality.[@R4]

Sodium-glucose cotransporter 2 (SGLT2) inhibitors are drugs that reduce blood glucose by increasing kidney function-dependent and blood glucose-dependent urinary glucose excretion.[@R6] These agents have been shown not only to have a hypoglycemic effect, but also extra-glycemic effects, including body weight and BP reduction. In addition, there is accumulating evidence that these drugs reduce the incidence of cardiovascular events in diabetic populations.[@R7] A meta-analysis of 27 randomised controlled trials revealed that SGLT2 inhibitors significantly reduce both systolic BP and diastolic BP (by 4.0 mm Hg and 1.6 mm Hg, respectively) from baseline.[@R10] Incretin drugs, including dipeptidyl peptidase-4 (DPP-4) inhibitors, are also known to have modest BP-lowering effects.[@R11] However, the effects of switching from a DPP-4 inhibitor to an SGLT2 inhibitor on BP have not been studied to date, despite such a switch being frequently made in clinical practice.

Therefore, in this prospective, randomised, open-label, parallel-group trial, we will compare the effects of these agents on BP and heart rate in T2D patients with hypertension, using ambulatory blood pressure monitoring (ABPM), in order to evaluate nocturnal and morning BP.

Methods {#s2}
=======

Study design {#s2-1}
------------

This is a multicentre, open-label prospective, randomised, blinded endpoint parallel-group comparison study to assess the superiority of the SGLT2 inhibitor luseogliflozin over a DPP-4 inhibitor on ABPM results. Following enrolment and the provision of written informed consent (visit 1), the participants will undergo ABPM assessment twice using a TM 2433 device (A&D Medical, Tokyo, Japan) to create a baseline. The ABPM device records BP and pulse rate every 30 min for 24 hours. At the same time, a log of the times of waking, going to bed and meal consumption will be kept. At each study visit, clinic BP, pulse rate, body mass and abdominal circumference will be measured. After this initial assessment, all the participants will be randomly assigned to continue their DPP-4 inhibitor or to switch to once daily luseogliflozin (2.5 mg/day) (visit 2). Serum and urine metabolic parameters will be assessed before and at the end of the study period. The randomisation and allocation of the participants will be performed by a specialised centre that is independent of the participating sites. After 8 weeks of treatment, ABPM and serum biomarker measurements will be performed again, as at baseline (visit 3) ([figure 1](#F1){ref-type="fig"}).

![Patient recruitment scheme. Randomised participants will be assigned to continued DPP-4 inhibitor use or to switch to once-daily luseogliflozin (2.5 mg/day). All participants will undergo ABPM assessment twice at baseline and at the end of the study. ABPM, ambulatory blood pressure monitoring; DPP, dipeptidyl peptidase; T2D, type 2 diabetes.](bmjopen-2019-034883f01){#F1}

Recruitment strategy {#s2-2}
--------------------

Participant enrolment will take place between 17 July 2018 and 31 March 2020 at five clinics located in Sapporo City. The inclusion and exclusion criteria for this trial are listed in [boxes 1 and 2](#B1 B2){ref-type="boxed-text"}. Patients will be discontinued from the trial if any of the following criteria apply: (1) withdrawal of consent, (2) physician's decision based on the patient's condition, (3) discontinuation of this clinical study or (4) physician's decision based on another reason.

###### Inclusion criteria

-   Japanese participants with T2D.

-   Age≥20 and\<85 years.

-   HbA1c≥6.0% and\<9.0%.

-   Treatment with a DPP-4 inhibitor, and with the exception of once-weekly drugs, for at least for 4 weeks before enrolment.

-   A diagnosis and exhibiting hypertension (BP \>130/80 mm Hg).

BP, blood pressure; DPP-4, dipeptidyl peptidase-4; HbA1c, haemoglobin A1c; T2D, type 2 diabetes.

###### Exclusion criteria

-   Treatment with any SGLT2 inhibitor.

-   An allergy against SGLT2 inhibitors.

-   Unstable diabetic retinopathy.

-   Current severe liver dysfunction or nephropathy.

-   Pregnancy.

-   Severe ketosis.

-   Diabetic coma or precoma.

-   Severe infection, trauma and/or recent or planned surgery.

-   Impairment in insulin secretion.

-   BMI \<22 kg/m².

-   eGFR \<30 mL/min/1.73 m².

-   Incompatibility with an appropriate diet.

-   Shift-working or irregular working hours.

-   Incompatibility with the trial for other reasons, as determined by the physician.

BMI, body mass index; eGFR, estimated glomerular filtration rate; SGLT2, Sodium-glucose cotransporter 2.

Intervention {#s2-3}
------------

All the participants will be randomly assigned to continue their DPP-4 inhibitor or to switch to once daily luseogliflozin (2.5 mg/day), and encouraged to continue their diet and exercise therapy during the study. The treatments will be supervised through the appropriate medical care centre for 8 weeks. The doses of anti-hypertensive drugs, anti-hyperglycemic agents, including DPP-4 inhibitors and luseogliflozin, will not be adjusted during the study period. The strategies to improve adherence to intervention protocol and procedures for monitoring adherence are as follows: (1) repeated instruction on the use of ABPM at each clinic visit; (2) when patients attend clinic visits with family members, the study and use of ABPM will be explained to both to the patient and his or her family member and (3) each clinic will designate dedicated staff to explain the study protocol to patients and their families.

Consent to participate and withdrawal {#s2-4}
-------------------------------------

A clinician in the research team will obtain written informed consent from all eligible participants. The written material, consisting of a participant information leaflet and consent documentation, has been approved by the Research Committee. There will be an opportunity for the participants to ask questions freely to members of the research team, and their consent can be withheld at any time during the study period, should they wish.

Randomisation {#s3}
=============

Computer randomisation {#s3-1}
----------------------

Randomisation is carried out centrally using a web-based system (Alloc System; <https://www.croit.com/?s=alloc+link&x=0&y=0>). Given that ageing has been reported to significantly affect nocturnal hypertension[@R12] and that the direct effects of hypoglycaemic actions and/or obesity should be minimised in this study, participants will be randomly assigned to continue their DPP-4 inhibitor or to switch to once-daily luseogliflozin (2.5 mg/day), according to their age, BMI and HbA1c level.

Treatment allocation {#s3-2}
--------------------

All the participants will be randomly assigned to continue their DPP-4 inhibitor or to switch to once daily luseogliflozin (2.5 mg/day).

Study population {#s3-3}
----------------

Japanese participants with T2D aged ≥20 and\<85 years, HbA1c≥6.0% and\<9.0%, treatment with a DPP-4 inhibitor, and with the exception of once-weekly drugs, for at least for 4 weeks before enrolment, and a diagnosis of hypertension made prior to enrolment (see [box 1](#B1){ref-type="boxed-text"}).

Patient and public involvement statement {#s3-4}
----------------------------------------

Participants were not directly involved in the design or development of the research and will not be involved in the recruitment and conduct of the study. Results of the examinations will be given to the participants after the study during a medical consultation in their participating centre.

Trial endpoint {#s4}
==============

Primary and secondary endpoints {#s4-1}
-------------------------------

The primary endpoint of this study is the mean change in systolic blood pressure (SBP), measured by ABPM, during the night in participants with T2D. The secondary endpoints are as follows: the mean change in (1) diastolic blood pressure (DBP) during the night, (2) 24 hours of SBP and DBP, (3) daytime SBP and DBP, (4) pulse rate, (5) BP M-value, (6) trough SBP and DBP using the average ABPM reading for 1 hour before the next dose and (7) laboratory parameters indicative of glucose and lipid metabolism, and liver and renal function. The relationship between BP reduction and weight loss will also be assessed. 'Twenty-four hour' values are defined as the mean of all the readings obtained over a 24-hour period. In addition, we will determine whether participants in each group can be classified into three subcategories on the basis of their ABPM results before and after each treatment. The nocturnal SBP fall (%) will be calculated as 100×\[1−sleep SBP SBP/awake SBP ratio\], and patients will be subclassified by nocturnal SBP fall as follows: 'non-dippers', who show a nocturnal reduction in SBP of \<10% of the waking SBP; 'dippers', who show a nocturnal reduction of ≥10%; and 'risers', who show a nocturnal increase of ≥0%.[@R5]

Sample size and statistical analysis {#s4-2}
------------------------------------

The sample size was calculated on the basis that luseogliflozin will improve nocturnal SBP by at least 10.7 mm Hg (SD 11.3 mm Hg), as shown in a previous small-group single-arm pilot study of the use of luseogliflozin in Japanese T2D patients, evaluated using ABPM.[@R14] Power calculations determined that a sample size of 25 individuals per group would be required to achieve a power of at least 90% for the detection of a difference between treatments. p\<0.05 will be considered to represent statistical significance and all tests will be two sided. Assuming five dropouts per each group, the sample size has been set at 30 participants per group. To ensure sufficient participant enrolment to achieve the target sample size, we will conduct the study at five clinics located in Sapporo City. We will also prepare an ABPM time-course sheet for each study visit to minimise the risk of patient discontinuation. We will perform ABPM twice before randomisation and after the treatment period, and the mean values obtained at each stage will be used for statistical analyses. For the primary endpoint, we will compare the mean change in nocturnal SBP between visit 1 and visit 3, after 8 weeks of luseogliflozin or DPP-4 inhibitor treatment.

Analysis of the primary and secondary endpoint data will be performed on the full analysis set (FAS), which will include subjects who are enrolled in this study and are assigned to treatment groups. Subjects who do not meet the inclusion criteria, for whom insufficient primary endpoint data are available, or who appreciably deviate from the study protocol will be excluded from the FAS. Differences between the two groups will be analysed for statistical significance using the unpaired t-test or Mann-Whitney U-test for continuous variables, and Pearson's χ² test or the Fisher exact test for categorical data. We will analyse the data using JMP Pro V.14.1.1 (SAS Institute).

Ethics and dissemination {#s5}
========================

Data protection and management {#s5-1}
------------------------------

Data management including coding, security, storage and cleaning will be performed by both researchers and an independent data management company (DOT WORLD Co., Ltd), whose employees will be contractually obliged to ensure that any personal information about potential and enrolled participants will be coded and handled confidentially before, during and after the trial. The study data will be archived at Hokkaido University for 5 years after study completion or 3 years after disclosure of the study results. Participants will be able to obtain the final results of the study. The UMIN and jRCT databases will contain detailed information on this study. Study conduct will be evaluated by a monitor independent from the investigators. No auditing of study sites is scheduled. According to the Clinical Trials Act in Japan, adverse events and other information including modification of the trial will be reported and disclosed publicly.

Discussion {#s6}
==========

This clinical trial is designed to compare the differences in the anti-hypertensive effects of the SGLT2 inhibitor, luseogliflozin and DPP-4 inhibitors, especially at night, in patients with T2D and hypertension. The effective treatment of hypertension is often limited by the fact that most outpatients usually have their BP measured in the clinic or daily at home, and therefore their 24-hour BP profile is not usually available. BP measured in the clinic has been reported to be poorly representative of a patient's 24-hour BP profile, in contrast to ABPM.[@R15] Furthermore, previous studies have shown that ABPM can provide evidence of early-stage macro- and microvascular complications in diabetic patients.[@R16] Hence, nocturnal hypertension, identified using ABPM, represents an appropriate therapeutic target to reduce the incidence of such complications.

A previous phase 3 study assessing the efficacy of empagliflozin on 24-hour BP in patients with T2D (EMPA-REG BP) revealed that treatment with 10 mg or 25 mg of empagliflozin for 12 weeks significantly ameliorated both office BP and 24-hour BP, including nighttime BP.[@R17] However, in the Japanese population, empagliflozin showed a more potent antihypertensive effect on nocturnal hypertension, although the effect was not significant compared with the control (placebo) group.[@R18] In a clinical setting, it is important to know which anti-hyperglycemic agent is most effective at limiting cardiovascular mortality. Of the oral anti-hyperglycemic agents, DPP-4 inhibitors are the most frequently used anti-diabetic drugs in Japan.[@R19] These agents ameliorate hyperglycemia in a glucose-dependent manner and are expected to have beneficial effects on atherosclerosis; however, large-scale clinical trials have so far failed to demonstrate a reduction in CVD risk.[@R20] The strength of the present study is that it will be the first to directly compare the nocturnal anti-hypertensive efficacy of luseogliflozin and DPP-4 inhibitors. If luseogliflozin is shown to more effectively ameliorate nocturnal hypertension than DPP-4 inhibitors, there would be merit in switching from DPP-4 inhibitors to luseogliflozin, especially those with nocturnal hypertension. In addition, such a finding would be consistent with SGLT2 inhibitors having a protective effect against CVD, which has not been shown for DPP-4 inhibitors.[@R7]

Another advantage of using ABPM is that it can identify abnormal BP fluctuation, especially in the night time to early morning period. Normally, nocturnal BP decreases \>10% versus the daytime values (the 'dipper' pattern), but if this reduction is \<10% (the 'non-dipper' pattern) or if nocturnal BP is higher than during the daytime (the 'riser' pattern), higher CVD risk is associated.[@R5] Therefore, we will categorise the participants according to these daily BP patterns and determine whether luseogliflozin is capable of normalising the abnormal patterns. Finally, it is worth mentioning that this study will be conducted in a standard clinical practice setting, which reflects real world.

In conclusion, this study will investigate whether luseogliflozin is more effective at ameliorating nocturnal hypertension, which has been shown to predispose to cardiovascular complications, than DPP-4 inhibitors. The result of this study may therefore provide new insights regarding the protective effects of SGLT2 inhibitors against CVD in patients with T2D.
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